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Zusammenfassung—Die Nachfrage nach kompak-
ten Spannungsversorgungen ist in den letzten Jah-
ren stark gestiegen. Vor allem im Bereich der mobi-
len Geräte wachsen die Anforderung an die Span-
nungsversorgung hinsichtlich Bauvolumen und 
Batterielaufzeit. Für die Vollintegration von DC-
DC-Wandlern als „Power Supply on Chip“ ist der 
SC-Wandler (Switched-Capacitor-Wandler) beson-
ders geeignet. Insbesondere für Low-Power-Anwen-
dungen im Bereich 10 mW kann ein SC-Wandler 
sehr gut, ohne externe Bauelemente, integriert wer-
den. Während es für niedrige Eingangsspannungen 
(bis zu 5 V) eine Vielzahl an Topologien und Kon-
zepten gibt, wurden SC-Wandler für höhere Ein-
gangsspannungen (> 8 V) bisher nur wenig unter-
sucht. Dieser Beitrag untersucht die wichtigsten 
Grundlagen für SC-Wandler mit Schwerpunkt auf 
hoher und zugleich variabler Eingangsspannung im 
Bereich 5 - 20 V. Am Beispiel eines Multi-Ratio-
Wandlers (Wandler mit mehreren Übersetzungs-
verhältnissen), dem rekursiven SC-Wandler (RSC-
Wandler), werden die Anforderungen eines SC-
Wandler für hohe Eingangsspannungen herausge-
arbeitet und diskutiert. 
Schlüsselwörter—Low-Power, DC-DC-Wandler, 
SC-Wandler, rekursiver SC-Wandler, großer Ein-
gangsspannungsbereich, variable Eingangsspan-
nung. 
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'HU %HGDUI DQ NRPSDNWHQ 6SDQQXQJVYHUVRUJXQJHQ
LVW LQGHQ OHW]WHQ -DKUHQ VWDUNJHVWLHJHQ9HUEUDXFKHU
ZLH]%HLQ0LNURFRQWUROOHURGHU$6,&$SSOLFDWLRQ
VSHFLILF,QWHJUDWHG&LUFXLWZHLVHQGDEHLHLQHQVHKUJH
ULQJHQ/HLVWXQJVYHUEUDXFKDXIZHQLJH0LOOLZDWW)U
GLH 9HUVRUJXQJ GLHVHU /RZ3RZHU6FKDOWXQJHQ N|Q
QHQ YHUVFKLHGHQH (QHUJLHTXHOOHQ ZLH %DWWHULHQ
(QHUJ\+DUYHVWLQJ7HFKQLNHQRGHUGLH1HW]VSDQQXQJ
YHUZHQGHW ZHUGHQ 'LH %HUHLWVWHOOXQJ GHU Q|WLJHQ
(QHUJLH VSLHOW HLQH ]XQHKPHQG ZLFKWLJ ZHUGHQGH
5ROOH)UGLH9HUVRUJXQJYRQLQWHJULHUWHQ6FKDOWNUHL
VHQ,&VZHUGHQ1HW]WHLOHEHQ|WLJWZHOFKHGLH9HUVRU
JXQJVVSDQQXQJDXIHLQHGHU6FKDOWXQJDQJHSDVVWH(LQ
JDQJVVSDQQXQJUHGX]LHUHQ'LHVHVLQGIU/RZ3RZHU
$QZHQGXQJHQ RIW EHUGLPHQVLRQLHUW 'HVKDOE ZLUG
YHUVXFKW GLH 6SDQQXQJVYHUVRUJXQJ GLUHNW DXI GHP
&KLS ]X LPSOHPHQWLHUHQ XP 3ODW] XQG VRPLW.RVWHQ
HLQ]XVSDUHQ 'LHVHU $QVDW] ZLUG XQWHU GHP %HJUL
Ä3RZHU6XSSO\RQ&KLS³3ZU6R&]XVDPPHQJHIDVVW
'XUFKGLH9ROOLQWHJUDWLRQVLQGNHLQHH[WHUQHQ%DXHOH
PHQWHQ|WLJXQGHVELHWHWVLFKGLH0|JOLFKNHLW6SDQ
QXQJVYHUVRUJXQJ XQG ZHLWHUH )XQNWLRQVEO|FNH LQ HL
QHP,&]XUHDOLVLHUHQ
)U GLH 9ROOLQWHJUDWLRQ HLJQHQ VLFK NDSD]LWLYH 6&
:DQGOHUEHVRQGHUVJXW'LHVHEHVWHKHQSULQ]LSLHOOQXU
DXV.DSD]LWlWHQXQG6FKDOWHUQZHOFKHVLFKEHLGHJXW
DXI GHP&KLS LQWHJULHUHQ ODVVHQ'LH ,QWHJUDWLRQ YRQ
,QGXNWLYLWlWHQ LVW ZHVHQWOLFK VFKZHUHU XQG PHLVW QXU
PLWDXIZHQGLJHQ3UR]HVVRSWLRQHQRGHUGXUFK3RVWSUR
]HVVHP|JOLFK'DGXUFKLVWGHU(LQVDW]LQYROOLQWHJULHU
WHQ'&'&:DQGOHUQQXUEHGLQJWP|JOLFK
'HUNDSD]LWLYH:DQGOHUEHVLW]WHLQGLVNUHWHVhEHUVHW
]XQJVYHUKlOWQLV XQG NHLQ HLQVWHOOEDUHV hEHUVHW]XQJV
YHUKlOWQLV ZLH GHU LQGXNWLYH :DQGOHU 'LHV LVW HLQ
1DFKWHLOGHVNDSD]LWLYHQ:DQGOHUVGHUGDGXUFKJHO|VW
ZHUGHQ NDQQ GDVV PHKUHUH 7RSRORJLHQ LQ HLQHP
/RZ3RZHU6&:DQGOHUPLWKRKHUYDULDEOHU
(LQJDQJVVSDQQXQJ
'DQLHO/XW]3HWHU5HQ]%HUQKDUG:LFKW

'DQLHO /XW] GDQLHOOXW]#UHXWOLQJHQXQLYHUVLW\GH 3HWHU 5HQ] SH
WHUUHQ]#VWXGHQWUHXWOLQJHQXQLYHUVLW\GHXQG%HUQKDUG:LFKWEHUQ
KDUGZLFKW#UHXWOLQJHQXQLYHUVLW\GHVLQG0LWJOLHGHUGHU+RFKVFKXOH
5HXWOLQJHQ$OWHEXUJVWUDH5HXWOLQJHQ
$EELOGXQJ6&6HULHQ3DUDOOHO:DQGOHU

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:DQGOHU UHDOLVLHUW ZHUGHQ 6RJHQDQQWH 0XOWL5DWLR
:DQGOHUELOGHQGLH9RUDXVVHW]XQJGDIUHLQHQJURHQ
YDULDEOHQ (LQJDQJVVSDQQXQJVEHUHLFK ]X XQWHUVWW]HQ
'LHVHV7KHPDZLUGQDFKIROJHQGEHKDQGHOW
,, *581'/$*(16&:$1'/(5
(LQ NDSD]LWLYHU '&'&:DQGOHU EHVWHKW SULQ]LSLHOO
DXV ]ZHL YHUVFKLHGHQHQ .DSD]LWlWVW\SHQ )OLHJHQGH
.DSD]LWlWHQ 3RWHQWLDO DQ GHU .DSD]LWlW VSULQJW XQG
3XơHUNDSD]LWlWHQ3RWHQWLDODQ.DSD]LWlWLVWIHVW'LH
ÀLHJHQGHQ.DSD]LWlWHQVLQGIUGHQ/DGXQJVWUDQVSRUW
]XVWlQGLJZlKUHQGGLH3XơHUNDSD]LWlWHQIUGLH6WDEL
OLVLHUXQJXQG=ZLVFKHQVSHLFKHUXQJGHU$XVJDQJVVSDQ
QXQJYHUDQWZRUWOLFKVLQG'DVhEHUVHW]XQJVYHUKlOWQLV
EHLHLQHP6&:DQGOHUZLUGGXUFKGLH9HUVFKDOWXQJGHU
ÀLHJHQGHQ.DSD]LWlWHQ7RSRORJLHEHVWLPPW(VJLEW
YHUVFKLHGHQH*UXQGVFKDOWXQJHQ 7RSRORJLHQ DXV GH
QHQ6&:DQGOHUDXIJHEDXWVLQG(LQHQhEHUEOLFNXQG
9HUJOHLFKJLEWKLHUEHL5HIHUHQ]>@
A. Analyse von SC-Wandlern 
'DV )XQNWLRQVSULQ]LS HLQHV 6&:DQGOHUV ZLUG PLW
+LOIHGHU$EELOGXQJDQKDQGHLQHVHLQIDFKHQ6H
ULHQ3DUDOOHO:DQGOHUV HUOlXWHUW 'LH 6FKDOWHU ZHUGHQ
JHJHQSKDVLJDQJHVWHXHUWXQGVLQGLQGHU$EELOGXQJPLW
ĳ XQG ĳ JHNHQQ]HLFKQHW ,Q GHU HUVWHQ +lOIWH GHU
7DNWSHULRGHZHUGHQGLH6FKDOWHUĳHLQJHVFKDOWHWZlK
UHQGGLH6FKDOWHUĳDXVJHVFKDOWHWVLQG,QGHU]ZHLWHQ
7DNWSHULRGHOHLWHQGLH6FKDOWHUĳZlKUHQGGLH6FKDO
WHU ĳ VSHUUHQ'DV7DVWYHUKlOWQLV GHU EHLGHQ3KDVHQ
EHWUlJWKLHUEHL8PGDV$XIWUHWHQYRQ4XHUVWU|
PHQ]XYHUPHLGHQPXVV HLQHNXU]H7RW]HLW ]ZLVFKHQ
GHQ3KDVHQHLQJHKDOWHQZHUGHQ
'LH(QHUJLHEHUWUDJXQJ]ZLVFKHQ(LQJDQJXQG$XV
JDQJHUIROJWGXUFKGLHÀLHJHQGH.DSD]LWlWCfly,Q3KDVH
ĳZHUGHQCflyXQGCoutLQReihe]XU(LQJDQJVVSDQQXQJ
9LQ JHODGHQ ,Q 3KDVH ĳ ZLUGCfly SDUDOOHO ]XU $XV
JDQJVNDSD]LWlWCout JHVFKDOWHW ,QEHLGHQ3KDVHQZLUG
/DGXQJ ]XP $XVJDQJ WUDQVSRUWLHUW 'XUFK /DGXQJV
DXVJOHLFK VLQG LP HLQJHVFKZXQJHQHQ =XVWDQG EHLGH
.DSD]LWlWHQCflyXQGCoutDXIGHQJOHLFKHQ6SDQQXQJV
ZHUWJHODGHQ'LH$XVJDQJVVSDQQXQJVoutHQWVSULFKWLP
,GHDOIDOOXQGRKQH/DVWH[DNWGHUKDOEHQ(LQJDQJVVSDQ
QXQJVin'DGXUFKHQWVWHKWHLQH:DQGOXQJXQDE
KlQJLJYRQGHU'LPHQVLRQLHUXQJGHU.DSD]LWlWHQ ,P
)DOOH HLQHV /DVWVWURPHV PXVV /DGXQJ ]ZLVFKHQ GHP
(LQJDQJXQGGHP$XVJDQJEHUWUDJHQZHUGHQ'LH.D
SD]LWlWHQ GHV:DQGOHUV ZHUGHQ HQWODGHQ XQGPVVHQ
ZLHGHUXP JHODGHQ ZHUGHQ 'LHV IKUW ]X /DGH XQG
(QWODGHYHUOXVWHQ VRZLH ]X HLQHP(LQEUXFK XQG HLQHU
:HOOLJNHLWGHU$XVJDQJVVSDQQXQJ,Q$EELOGXQJLVW
LP OLQNHQ %LOG GLH $XVJDQJVVSDQQXQJ HLQHV 6&
6HULHQ3DUDOOHO:DQGOHUV ]X VHKHQ 'LH JUDXH /LQLH
]HLJWGHQLGHDOHQ9HUODXIGHU$XVJDQJVVSDQQXQJ'LH
VFKZDU]H/LQLH]HLJWGHQUHDOHQ9HUODXIGHU$XVJDQJV
VSDQQXQJ XQWHU /DVW 'LH $XVJDQJVVSDQQXQJ QLPPW
VWXIHQZHLVH]XXQGQlKHUW VLFKHLQHP6SDQQXQJVZHUW
XQWHUKDOEGHULGHDOHQ$XVJDQJVVSDQQXQJDQ'LHEOHL
EHQGH'LIIHUHQ]]ZLVFKHQLGHDOHUXQGUHDOHU$XVJDQJV
VSDQQXQJZLUGDOV6SDQQXQJVHLQEUXFKEH]HLFKQHWXQG
LVWLPUHFKWHQ7HLOYRQ$EELOGXQJYHUJU|HUWGDUJH
VWHOOW'LHVHU6SDQQXQJVHLQEUXFKKlQJWYRP/DVWVWURP
DP$XVJDQJGHU7RSRORJLHXQGGHU'LPHQVLRQLHUXQJ
GHV 6&:DQGOHUV DE%HL GHU'LPHQVLRQLHUXQJ VSLHOW
GLH*U|HGHUIOLHJHQGHQ.DSD]LWlWXQGGLH6FKDOWIUH
TXHQ]GHV:DQGOHUVHLQH5ROOH
'LH$XVJDQJVVSDQQXQJOlVVWVLFKGXUFKGDV$XIVWHO
OHQGHU/DGXQJVELODQ]EHUHFKQHQZHOFKHDXIGHP*H
VHW]GHU/DGXQJVHUKDOWXQJEHUXKW >@'LHVH$QDO\VH
PHWKRGHLVWDOOHUGLQJVIUNRPSOH[H:DQGOHUVHKUDXI
ZHQGLJ ZHVKDOE HLQ QHXHU $QVDW] GLH /D
GXQJVÀXVVDQDO\VHYHUZHQGHWZLUGGHULQ>@KHUJHOHL
WHWXQGEHVFKULHEHQZLUG'DEHLZLUGQLFKWGLHDEVROXWH
/DGXQJVPHQJH EHWUDFKWHW VRQGHUQ GLH /DGXQJVlQGH
UXQJDQGHQ.RPSRQHQWHQGHU6FKDOWXQJ)UMHGHQ=X
VWDQGHLQHV:DQGOHUVN|QQHQKLHUEHL9HNWRUHQGH¿QLHUW
ZHUGHQ ZHOFKH GLH7RSRORJLHPLWKLOIH GHV /DGXQJV
IOXVVHVGXUFKGLH.RPSRQHQWHQEHVFKUHLEW:LUGGLHVH

$EELOGXQJ6SDQQXQJVHLQEUXFKXQG:HOOLJNHLWGHU$XVJDQJVVSDQQXQJHLQHV6HULHQ3DUDOOHO:DQGOHUV
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VARIABLER EINGANGSSPANNUNG
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DXIGHQLQ$EELOGXQJJH]HLJWHQ6&6HULHQ3DUDO
OHO:DQGOHU DQJHZHQGHW HUJLEW VLFK PLW GHU %HGLQ
JXQJGDVVGLH$XVJDQJVNDSD]LWlWCoutYLHOJU|HULVWDOV
GLH)OLHJHQGH.DSD]LWlWCflyIROJHQGHU$XVGUXFNIUGLH
$XVJDQJVVSDQQXQJVout
flysw
Load
inout Cf
IVV  


 
,Q GLH %HUHFKQXQJ JHKHQ GLH 3DUDPHWHU $XVJDQJV
VWURP Iload GLH 6FKDOWIUHTXHQ] fsw XQG GLH *U|H GHU
IOLHJHQGHQ.DSD]LWlWCflyHLQ=XVlW]OLFKNRPPWIUGHQ
6&6HULHQ3DUDOOHO:DQGOHUQRFKGHUYRQGHU7R
SRORJLHDEKlQJLJH)DNWRUGD]X'HU6XEWUDKHQGLQ
GHU*OHLFKXQJHQWVSULFKWGHP6SDQQXQJVHLQEUXFK'LH
:HOOLJNHLW GHU$XVJDQJVVSDQQXQJ LVW LQ$EELOGXQJ
HEHQIDOOV]XVHKHQ'LH:HOOLJNHLWOlVVWVLFKXQWHUGHU
%HGLQJXQJGDVVCoutYLHOJU|HU LVWDOVCflyZLHIROJW
EHUHFKQHQ
outsw
Load
Cf
IV  ' 
 
'LH:HOOLJNHLWKlQJW YRQGHU*U|HGHV$XVJDQJV
VWURPV GHU *U|H GHU $XVJDQJVNDSD]LWlW XQG GHU
6FKDOWIUHTXHQ]DE'HU)DNWRULVW WRSRORJLHDEKlQ
JLJ)UGHQ6&:DQGOHUQDFK$EELOGXQJEHWUlJW
GLHVHU)DNWRUGDLQEHLGHQ3KDVHQGLH$XVJDQJVND
SD]LWlW QDFKJHODGHQZLUG XQG GDGXUFK GLH:HOOLJNHLW
KDOELHUWZLUG'DCout JHUDGHEHL YROOLQWHJULHUWHQ 6&
:DQGOHUQDXV3ODW]JUQGHQQLFKWEHOLHELJJURJHZlKOW
ZHUGHQ NDQQ ZLUG RIW GLH 0XOWL3KDVH,QWHUOHDYLQJ
0HWKRGH DQJHZHQGHW >@ 'DEHL ZLUG GHU :DQGOHU
PHKUIDFKDXIJHEDXWGHU*HVDPWNDSD]LWlWVZHUWGHUIOLH
JHQGHQ .DSD]LWlWHQ EOHLEW MHGRFK JOHLFK 'XUFK HLQH
3KDVHQYHUVFKLHEXQJ GHU 7DNWVLJQDOH GHU HLQ]HOQHQ
:DQGOHUZLUGHUUHLFKWGDVVDXIGLH3HULRGHYHUWHLOW|I
WHUV/DGXQJ]XP$XVJDQJWUDQVSRUWLHUWZLUG'LHVIKUW
RIWGD]XGDVVGLH$XVJDQJVNDSD]LWlWVWDUNUHGX]LHUWR
GHUVRJDUJDQ]HQWIDOOHQNDQQ
B. SC Modell 
(LQ6&:DQGOHUNDQQGXUFKHLQLGHDOLVLHUWHV0RGHOO
HQWVSUHFKHQG $EELOGXQJ  EHVFKULHEHQ ZHUGHQ 'DV
0RGHOO EHVWHKW DXV HLQHP LGHDOHQ'&7UDQVIRUPDWRU
ZHOFKHUGDVHQWVSUHFKHQGHLGHDOHhEHUVHW]XQJVYHUKlOW
QLVn UHDOLVLHUWHLQHP$XVJDQJVZLGHUVWDQGRoutXQG
HLQHP3DUDOOHOZLGHUVWDQG5p,P)DOOHHLQHV/DVWVWURPV
iout HQWVWHKW HLQ 6SDQQXQJVDEIDOO DP $XVJDQJVZLGHU
VWDQGRload ZHOFKHU GLH LGHDOH $XVJDQJVVSDQQXQJVnl
QLFKW EHODVWHW HQJO QR ORDG UHGX]LHUW XQG9HUOXVWH
YHUXUVDFKW'HU$XVJDQJVZLGHUVWDQGRoutZHOFKHUGLH
/DGH XQG(QWODGHYHUOXVWH GHU.DSD]LWlWHQ VRZLH GLH
UHVLVWLYHQ/HLWXQJVYHUOXVWHEHUFNVLFKWLJWNDQQPLWGHU
EHUHLWV HUZlKQWHQ /DGXQJVÀXVVDQDO\VH DXV >@ EH
VWLPPWZHUGHQ'HU$XVJDQJVZLGHUVWDQGRoutLVWKLHU
EHLIUHTXHQ]DEKlQJLJXQGNDQQDXFK]XU)HLQUHJHOXQJ
GHU$XVJDQJVVSDQQXQJGHV:DQGOHUVYHUZHQGHWZHU
GHQ([WULQVLVFKH9HUOXVWHZLHEHLVSLHOVZHLVHGLH$Q
VWHXHUYHUOXVWH GHU 6FKDOWWUDQVLVWRUHQ XQG 9HUOXVWH
GXUFK GLH5HJHOXQJZHUGHQ GXUFK GHQ3DUDOOHOZLGHU
VWDQG5SPRGHOOLHUW
'HU$XVJDQJVZLGHUVWDQGRoutZHOFKHUGLHPD[LPDOH
$XVJDQJVOHLVWXQJEHJUHQ]WVHW]WVLFKDXV]ZHLDV\PS
WRWLVFKHQ%HUHLFKHQGHP6ORZ6ZLWFKLQJ/LPLW66/
XQGGHP)DVW6ZLWFKLQJ/LPLW )6/]XVDPPHQ'LH
6ORZ6ZLWFKLQJ/LPLW,PSHGDQ] RSSL ZLUG XQWHU GHU
$QQDKPHEHUHFKQHWGDVVDOOH6FKDOWHUXQGOHLWIlKLJHQ
9HUELQGXQJHQ LGHDO XQG VRPLW YHUQDFKOlVVLJEDU VLQG
'LH6WU|PH]ZLVFKHQGHQ.DSD]LWlWHQYHUODXIHQKLHUEHL
LPSXOVI|UPLJ'LH%H]HLFKQXQJ6ORZ6ZLWFKLQJ/LPLW
NDQQPDQ GDPLW HUNOlUHQ GDVV GLH =HLWNRQVWDQWH GHV
5&*OLHGV ]ZLVFKHQ 6FKDOWHU XQG .DSD]LWlW KLHUEHL
ZHVHQWOLFKNOHLQHUDOVGLH3HULRGHQGDXHUGHU6FKDOWIUH
TXHQ] LVW 'LH .DSD]LWlWHQ ZHUGHQ VRPLW YROOVWlQGLJ
XPJHODGHQ'LH66/,PSHGDQ]LVWXPJHNHKUWSURSRUWL
RQDO]XGHU6FKDOWIUHTXHQ]'DV)DVW6ZLWFKLQJ/LPLW
WULWWDXIZHQQGHU:LGHUVWDQGGHU6FKDOWHUXQGGHU9HU
ELQGXQJHQ GRPLQLHUW 'LH /DGH XQG (QWODGHYHUOXVWH
GHU.DSD]LWlWHQZHUGHQVRPLWYHUQDFKOlVVLJW'LH%H
]HLFKQXQJ)DVW6ZLWFKLQJ/LPLWOlVVWVLFKGDGXUFKHU
NOlUHQ GDVV GLH =HLWNRQVWDQWH ]ZLVFKHQ 6FKDOWHU XQG
.DSD]LWlW JU|HU DOVGLH3HULRGHQGDXHUGHU6FKDOWIUH
TXHQ] LVW XQG VRPLW GLH .DSD]LWlWHQ DOV IHVWH 6SDQ
QXQJVTXHOOHQDQJHQRPPHQZHUGHQN|QQHQ'LH.DSD
]LWlWHQZHUGHQ KLHUEHL QLFKW YROOVWlQGLJ JHODGHQ'LH
$EELOGXQJ]HLJWH[HPSODULVFKGHQ9HUODXIGHV$XV
JDQJVZLGHUVWDQGVRout LQ $EKlQJLJNHLW GHU 6FKDOWIUH
TXHQ] fsw=XGHPVLQGGLH$V\PSWRWHQGHU66/XQG
GHU)6/ ,PSHGDQ] HLQJH]HLFKQHW'LH66/,PSHGDQ]
RSSLQLPPWPLWVWHLJHQGHU)UHTXHQ]DE'DVOlVVWVLFK
GDGXUFKEHJUQGHQGDVVPLWVWHLJHQGHU6FKDOWIUHTXHQ]
fswGHU6SDQQXQJVKXEDQGHQ.DSD]LWlWHQNOHLQHUXQG
VRPLWGLH/DGHXQG(QWODGHYHUOXVWHJHULQJHUVLQG'LH
)6/,PSHGDQ]LVWIUHTXHQ]XQDEKlQJLJXQG]HLJWHLQHQ
NRQVWDQWHQ9HUODXI'HU$XVJDQJVZLGHUVWDQGRoutELO
GHW VLFK EHL NOHLQHQ 6FKDOWIUHTXHQ]HQ PDJHEOLFK
GXUFKRSSLXQGEHLKRKHQ)UHTXHQ]HQGXUFKRFSLXQG
NDQQSULQ]LSLHOOGXUFKIROJHQGH*OHLFKXQJDQJHQlKHUW
ZHUGHQ>@

FSLSSL
RRRout  

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'LH*OHLFKXQJVWHOOWHLQH1lKHUXQJGDUGDLQGHU+HU
OHLWXQJGHUEHLGHQ:LGHUVWlQGHRSSLXQGRFSLHQWVSUH
FKHQG JHJHQVlW]OLFKH $QQDKPHQ DQJHQRPPHQ ZHU
GHQ ,Q >@ZLUGJH]HLJW GDVVGLH$EZHLFKXQJJHULQJ
XQGVRPLWYHUQDFKOlVVLJEDULVW
,,, ,03/(0(17,(581*9216&:$1'/(51
A. Anforderungen 
(LQHGHU+DXSWDQIRUGHUXQJHQDQ6&:DQGOHULVWGHU
)OlFKHQEHGDUIDXIGHP&KLSGHUVWHWVPLQLPDO]XZlK
OHQ LVW'LHVKDW ]XU)ROJH GDVV 6&:DQGOHU MH QDFK
$QIRUGHUXQJHQWZRUIHQZHUGHQ'LH$QIRUGHUXQJHQDQ
GHQ 6&:DQGOHU EHVWLPPHQ ZHOFKH 7RSRORJLH ]X
ZlKOHQLVWRGHUREPHKUHUH7RSRORJLHQJHZlKOWZHUGHQ
PVVHQ 'LH 'LPHQVLRQLHUXQJ ZLUG PDJHEOLFK YRQ
GHQ $XVJDQJVSDUDPHWHUQ EHVWLPPW ,Q GLHVHU $UEHLW
ZLUG HLQ 6&:DQGOHU EHQ|WLJWZHOFKHU HLQHQ JURHQ
(LQJDQJVVSDQQXQJVEHUHLFK DP HIIL]LHQWHVWHQ DXI HLQH
NRQVWDQWH$XVJDQJVVSDQQXQJZDQGHOW
B. Stand der Technik 
$XIJUXQGGHVJURHQ(LQJDQJVVSDQQXQJVEHUHLFKVLVW
HLQHKRKH$Q]DKODQ:DQGOXQJVYHUKlOWQLVVHQQRWZHQ
GLJXPHLQHQ%HWULHEPLWKRKHP:LUNXQJVJUDG]XJH
ZlKUOHLVWHQ'DV(UK|KHQGHU$Q]DKODQ:DQGOXQJV
YHUKlOWQLVVHQLVWPLW]ZHL+HUDXVIRUGHUXQJHQYHUEXQ
GHQ.DSD]LWlWVQXW]XQJXQG)OlFKHQYHUEUDXFK%HVRQ
GHUVEHLHLQHPYROOLQWHJULHUWHQ6&:DQGOHULVWHVZLFK
WLJ GDVV GLH .DSD]LWlWHQ YROO JHQXW]W ZHUGHQ 'LH
.RPSOH[LWlWGHU7RSRORJLHQ$Q]DKO6FKDOWHUXQG.D
SD]LWlWHQ VWHLJW MHGRFK PLW ]XQHKPHQGHU $Q]DKO DQ
hEHUVHW]XQJVYHUKlOWQLVVHQVWDUNDQ9ROOH$XVQXW]XQJ
GHU.DSD]LWlWHQEHL JOHLFK]HLWLJRSWLPDOHU6NDOLHUXQJ
LVW GDEHL VHKU ZLFKWLJ 'LHVH )DNWRUHQ EHJUHQ]HQ GLH
$Q]DKO DQ hEHUVHW]XQJVYHUKlOWQLVVHQ 'LH $Q]DKO
NDQQGHVKDOEQLFKWEHOLHELJKRFKJHZlKOWZHUGHQ
(LQHQ hEHUEOLFN EHU DNWXHOO LPSOHPHQWLHUWH 6&
:DQGOHU JLEW 7DEHOOH  (V IlOOW DXI GDVV GLH 6&
:DQGOHU QXU VHKU NOHLQH (LQJDQJVVSDQQXQJHQ XQG
6SDQQXQJVEHUHLFKHDXIZHLVHQ'DVOLHJW]XP7HLOGD
UDQ GDVV DNWXHOO YLHOH:DQGOHU IU EDWWHULHEHWULHEHQH
$QZHQGXQJHQHQWZLFNHOWZHUGHQ(LQZHLWHUHU*UXQG
VLQG ]XVlW]OLFKH+HUDXVIRUGHUXQJHQ GLH EHL GHU HIIL
]LHQWHQ:DQGOXQJKRKHU(LQJDQJVVSDQQXQJHQ]XO|VHQ
VLQG$XVGHU7DEHOOHWUHWHQ]ZHL$UFKLWHNWXUHQKHU
YRUGHUUHNXUVLYH6&:DQGOHU56&:DQGOHU>@XQG
GHU)ROGLQJ'LFNVRQ6&:DQGOHU>@5HIHUHQ]>@UH
DOLVLHUWGDEHLHLQHVHKUJURH$Q]DKODQhEHUVHW]XQJV
YHUKlOWQLVVHQZlKUHQG>@K|KHUH6SDQQXQJHQXQGHL
QHQUHODWLYJURHQ(LQJDQJVVSDQQXQJVEHUHLFKDEGHFNW
'LHVHEHLGHQ$QVlW]HVLQGIUGLHKLHUJHIRUGHUWH$Q
ZHQGXQJ SULQ]LSLHOO JHHLJQHW 'HU )ROGLQJ 'LFNVRQ
6&:DQGOHU >@ LVW MHGRFK LPhEHUVHW]XQJVYHUKlOWQLV
EHJUHQ]W 'HU 56&:DQGOHU >@ ELHWHW GXUFK VHLQHQ
PRGXODUHQ $XIEDX GHQ YLHOYHUVSUHFKHQGVWHQ $QVDW]
IUKRKH(LQJDQJVVSDQQXQJHQXQG]XJOHLFKHLQHQJUR
HQ(LQJDQJVVSDQQXQJVEHUHLFK
C. Aufbau des RSC-Wandlers 
,P )ROJHQGHQ ZLUG GHU $XIEDX GHV 56&:DQGOHUV
DP%HLVSLHOHLQHV%LW56&:DQGOHUVEHVFKULHEHQ,Q
$EELOGXQJVLQGGLHGDPLWP|JOLFKHQ.RQILJXUDWLRQV
P|JOLFKNHLWHQGDUJHVWHOOW(LQ%LW56&:DQGOHUELH
WHW GLH GUHL DEJHELOGHWHQ hEHUVHW]XQJVP|JOLFKNHLWHQ
'HUPRGXODUH$XIEDXPLW=HOOHQNDQQEHOLHELJHU
ZHLWHUWZHUGHQZRGXUFKZHLWHUHhEHUVHW]XQJVYHUKlOW
QLVVHP|JOLFKVLQG(LQH=HOOHEHVWHKWDXVGHPLQ
$EELOGXQJ  GDUJHVWHOOWHQ 6HULHQ3DUDOOHO:DQGOHU
(LQHP|JOLFKH 5HDOLVLHUXQJ GHV %LW56&:DQGOHUV
NDQQZLHLQ$EELOGXQJDXVVHKHQ'LHVHUEHVWHKWDXV

$EELOGXQJ$XVJDQJVZLGHUVWDQGRout HLQHV6&:DQGOHUVPLWGHU
)6/XQG66/$V\PSWRWHQ
7DEHOOHhEHUEOLFNEHULPSOHPHQWLHUWH6&:DQGOHU
5HIHUHQ] VLQ>9@ VRXW>9@ hEHUVHW]XQJVYHUKlOWQLVVH :LUNXQJVJUDGPD[
>@    
>@    
>@    
>@    
>@    
>@    

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]ZHL*UXQG]HOOHQQDFK$EELOGXQJXQGGHQ]XVlW]
OLFKHQ 6FKDOWHUQ 6 6 XQG 6ZHOFKH ]XU8P
VFKDOWXQJGHVhEHUVHW]XQJVYHUKlOWQLVVHVEHQ|WLJWZHU
GHQ
D. Design-Herausforderungen für hohe Spannungen 
%HLKRKHQ(LQJDQJVVSDQQXQJHQ!9HUJHEHQVLFK
EHVRQGHUH +HUDXVIRUGHUXQJHQ GLH EHL NOHLQHQ 6SDQ
QXQJHQ LQ GLHVHU $UW QLFKW HQWVWHKHQ ,P )ROJHQGHQ
ZHUGHQGLHZHVHQWOLFKHQ8QWHUVFKLHGHGDUJHVWHOOW'LH
$XI]lKOXQJHUKHEWQLFKWGHQ$QVSUXFKDXI9ROOVWlQGLJ
NHLW
x +RFKYROW7UDQVLVWRUHQ 'XUFK GLH UHODWLY KRKHQ
6SDQQXQJHQPVVHQ+RFKYROW7UDQVLVWRUHQ YHU
ZHQGHWZHUGHQ'LH$QVWHXHUYHUOXVWH IU+RFK
YROW7UDQVLVWRUHQVLQGZHJHQGHUJU|HUHQ*DWH
NDSD]LWlWGHXWOLFKJU|HUDOVEHL1LHGHUYROW7UDQ
VLVWRUHQ
x /HYHOVKLIWHU)UGLH$QVWHXHUXQJGHU7UDQVLVWR
UHQDXIIOLHJHQGHP3RWHQWLDOZLUGGHU(LQVDW]YRQ
/HYHOVKLIWHUQQRWZHQGLJ
x /DGXQJVSXPSH )U MHGHQ +RFKYROW7UDQVLVWRU
ZLUGDXFKHLQH/DGXQJVSXPSHIUGHQ*DWH2YHU
GULYH (LQVFKDOWVSDQQXQJEHQ|WLJW'LHGDGXUFK
HQWVWHKHQGHQ]XVlW]OLFKHQ9HUOXVWH LQ/HYHOVKLI
WHUQXQG/DGXQJVSXPSHZLUNHQVLFKQHJDWLYDXI
GHQ:LUNXQJVJUDGDXV
x )OLHJHQGH.DSD]LWlWHQ'XUFKGLHHUK|KWHQ6SDQ
QXQJVKEHHQWVWHKHQDQGHQSDUDVLWlUHQ.DSD]LWl
WHQ 8PODGHYHUOXVWH ZHOFKH PLW GHU 6SDQQXQJ
TXDGUDWLVFKVNDOLHUHQ
x ,VRODWLRQVZDQQHQ'XUFK3RWHQWLDOlQGHUXQJHQDQ
GHQ,VRODWLRQVZDQQHQHQWVWHKHQ8PODGHYHUOXVWH
x %RG\GLRGHQ'XUFK XQWHUVFKLHGOLFKH.RQILJXUD
WLRQ GHU HLQ]HOQHQ =HOOHQ HQWVWHKHQ 3RWHQWL
DOVSUQJH DQ GHQ6RXUFH XQG'UDLQDQVFKOVVHQ
GHU6FKDOWWUDQVLVWRUHQGLH LQXQJQVWLJHQ)lOOHQ
GDIUVRUJHQGDVVHLQH%DFNWR%DFN6FKDOWHUDQ
RUGQXQJ Q|WLJ ZLUG 'DGXUFK NDQQ YHUKLQGHUW
ZHUGHQGDVVEHUGLH%RG\GLRGHQXQHUZQVFKWH
4XHUVWU|PHIOLHHQN|QQHQ
'LHEHVFKULHEHQHQ+HUDXVIRUGHUXQJHQXQG(IIHNWHIK
UHQ GXUFK ]XVlW]OLFKH 9HUOXVWH ]X HLQHU 5HGX]LHUXQJ
GHV:LUNXQJVJUDGHV
,9 )$=,7
6&:DQGOHUHLJQHQVLFKGXUFKLKUHJXWH,QWHJULHUEDU
NHLW VHKUJXW IUYROOLQWHJULHUWH'&'&:DQGOHU'LH
$XVJDQJVVSDQQXQJHLQHV6&:DQGOHUVZLUGGXUFKGLH
3DUDPHWHUJU|HQ 6SDQQXQJVHLQEUXFK XQG :HOOLJNHLW
GHU$XVJDQJVVSDQQXQJFKDUDNWHULVLHUW'LHVH3DUDPH
WHU N|QQHQ GXUFK GLH 'LPHQVLRQLHUXQJ GHV 6&
:DQGOHUVHQWVSUHFKHQGGHU$QZHQGXQJDQJHSDVVWZHU
GHQ)UHLQHHIIL]LHQWH:DQGOXQJPLWKRKHQ(LQJDQJV
VSDQQXQJHQXQGHLQHPZHLWHQ(LQJDQJVVSDQQXQJVEH
UHLFKHQ PVVHQ 6&:DQGOHU PLW PHKUHUHQ hEHUVHW
]XQJVYHUKlOWQLVVHQ DXIJHEDXW ZHUGHQ )U KRKH (LQ
JDQJVVSDQQXQJHQ!9HUJHEHQVLFKZHLWHUH+HUDXV
IRUGHUXQJHQIUGHQ6FKDOWXQJVHQWZXUI%HGLQJWGXUFK
GLHKRKHQ6SDQQXQJHQPVVHQ+RFKYROW7UDQVLVWRUHQ
YHUZHQGHW ZHUGHQ ZHOFKH ]XU $QVWHXHUXQJ VRZRKO
/HYHOVKLIWHU DOV DXFK/DGXQJVSXPSHQEHQ|WLJHQ'LH
LP:DQGOHUDXIWUHWHQGHQKRKHQ6SDQQXQJVKEHEHZLU
NHQK|KHUH9HUOXVWHLQGHQSDUDVLWlUHQ(OHPHQWHQXQG
ZLUNHQ VLFK QHJDWLY DXI GHQ :LUNXQJVJUDG DXV 'HU
YRUJHVWHOOWH56&:DQGOHUHLJQHWVLFKEHVRQGHUVJXWIU
YROOLQWHJULHUWH '&'&:DQGOHU PLW KRKHU YDULDEOHU
(LQJDQJVVSDQQXQJ
'$1.6$*81*
'LHVH $UEHLW LVW JHI|UGHUW YRP %XQGHVPLQLVWHULXP
IU%LOGXQJXQG)RUVFKXQJXQWHUGHP)|UGHUNHQQ]HL
FKHQ,1
/,7(5$7859(5=(,&+1,6

>@ 0 6HHPDQ DQG 6 6DQGHUV $QDO\VLV DQG 2SWLPL]DWLRQ RI
6ZLWFKHG&DSDFLWRU '& IEEE Transactions on Power 
Electronics, S0DUFK
>@ <7VLYLGLV3ULQFLSOHVRIRSHUDWLRQDQGDQDO\VLVRIVZLWFKHG
FDSDFLWRUFLUFXLWVProceedings of the IEEE, S$XJ
>@ 7 9DQ %UHXVVHJHP DQG 0 6WH\DHUW 0XOWL3KDVH
,QWHUOHDYLQJ CMOS Integrated Capacitive DC-DC-
Converters 1HZ <RUN 6SULQJHU 6FLHQFH%XVLQHVV 0HGLD
SS
$EELOGXQJ%LW56&:DQGOHUPLW.RQILJXUDWLRQVVFKDOWHU

$EELOGXQJ  .RQILJXUDWLRQVP|JOLFKNHLWHQ HLQHV %LW56&
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national Solid-State Circuits Conference (ISSCC)
>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'DQLHO /XW] HUKLHOW GHQ DNDGHPLVFKHQ *UDG
GHV %DFKHORU RI (QJLQHHULQJ LQ 0HFKDWUR
QLN(OHNWURWHFKQLN LP -DKU  YRQ GHU
+RFKVFKXOH (VVOLQJHQ XQG GHQ *UDG GHV
06F LQ/HLVWXQJVXQG0LNURHOHNWURQLN LP
-DKUYRQGHU+RFKVFKXOH5HXWOLQJHQ(U
LVW $NDGHPLVFKHU 0LWDUEHLWHU DP 5REHUW
%RVFK=HQWUXPIU/HLVWXQJVHOHNWURQLNDQGHU
+RFKVFKXOH5HXWOLQJHQ
 

3HWHU5HQ]HUKLHOWGHQDNDGHPLVFKHQ*UDGGHV
%DFKHORU RI (QJLQHHULQJ LQ0HFKDWURQLN LP
-DKU  YRQ GHU +RFKVFKXOH 5HXWOLQJHQ
6HLW  VWXGLHUW HU LP 0DVWHUVWXGLHQJDQJ
/HLVWXQJV XQG 0LNURHOHNWURQLN DP 5REHUW
%RVFK=HQWUXPIU/HLVWXQJVHOHNWURQLNDQGHU
+RFKVFKXOH5HXWOLQJHQ
 

%HUQKDUG :LFKW HUKLHOW GHQ DNDGHPLVFKHQ
*UDG'LSO,QJLP-DKUYRQGHU7HFKQL
VFKHQ8QLYHUVLWlW'UHVGHQXQGGHQ*UDG'U
,QJLP-DKUYRQGHU7HFKQLVFKHQ8QL
YHUVLWlW0QFKHQZDUHU LP*H
VFKlIWVEHUHLFK0L[HG6LJQDO$XWRPRWLYHEHL
7H[DV ,QVWUXPHQWV )UHLVLQJ YHUDQWZRUWOLFK
IU GLH (QWZLFNOXQJ YRQ 6PDUW 3RZHU ,&V
6HLW6HSWHPEHULVWHU3URIHVVRUIULQWH
JULHUWH 6FKDOWXQJHQ DP 5REHUW %RVFK =HQW
UXP IU /HLVWXQJVHOHNWURQLN DQ GHU +RFK
VFKXOH5HXWOLQJHQ
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